education classes).
A high score on a psychological needs satisfaction item means that the 109 need is satisfied, while a low score on a psychological needs satisfaction item means the need 110 is unsatisfied instead of being thwarted, such as being pushed or coerced. Therefore, 111 psychological needs thwarting should be concerned with an active process and not simply the 112 lack of psychological needs satisfaction ( series of studies to investigate athletes' experiences in a sport context (Bartholomew, 118 Ntoumanis, Ryan, Bosch, & Thøgersen-Ntoumani, 2011). It was found that athletes' 119 psychological needs thwarting was better predicted by athletes' perceptions of coaches' 120 controlling whereas athletes' psychological needs satisfaction was better predicted by 121 athletes' perceptions of coaches' autonomy support. Athletes' perceptions of psychological 122 needs thwarting more consistently predicted maladaptive outcomes (disordered eating, 123 burnout, depression, negative affect, and physical symptoms) whereas psychological needs 124 satisfaction predicted positive outcomes associated with sport participation (vitality and 125 positive affect). These findings not only provided support for SDT's assumptions but also 126 provided a practical and vivid illustration of the influences of social factors on human' 127 negative experiences through psychological needs thwarting. In another study, Bartholomew, 128 Hong Kong, physical education is a subject that aims to educate students through physical 139 activity. Its goal is to develop students' physical competence, knowledge of movement and 140 safety, ability to use these to perform in wide range of activities associated with the 141 development of an active and healthy lifestyle (Curriculum Development Council, 2002). All 142 students in grades 1-9 from government aided schools in Hong Kong are required to attend 143 physical education classes, which constitute at least 5% (5%-8%) of their total lesson time 144 characteristic of school is to control, either overtly or covertly. Therefore, school 151 administrators and teachers are controlling agents and students are controlled because all 152 these agents demand students to behave in certain ways to be successful in school (Sun & 153 Chen, 2010) . Some educational psychologists provided explanations for the prevalence of 154 teachers' controlling teaching style in the classroom (e.g., Reeve, 2009 ) and suggested that 155 there were several forces that influence teachers' formation of controlling styles during 156 instruction. For example, some influences come from outside agents, such as school policies, 157 administrators, parents, societal expectations, or cultural norms; some influences may arise 158 out of the classroom dynamics, such as interactions between teacher and students (what 159 students say, do, and do not do during instruction); some other influences may be because of 160 the characteristics of the teacher himself or herself, such as personality and beliefs (Deci, 161 the similar characteristics with other subjects (Sun & Chen, 2010 thwarting should be used when negative experiences (e.g., ill-being and other maladaptive 175 outcomes) are the interests of the study. Given the controlling nature of institutionalized 176 schooling (Sun & Chen, 2010) , to develop a more desirable and reasonable physical 177 education environment for students, it is important for researchers and practitioners to better 178 understand how physical education teachers' teaching behaviors affect their students 179 experiences, especially the negative ones. Although plenty of studies in physical education 180 have investigated students' psychological needs satisfaction and adaptive outcomes, limited 181 research has looked at students' psychological needs thwarting and negative experiences. 182 This is primarily due to the lack of relevant valid and reliable measures. To the best of our 183 knowledge, the only available psychometrically sound psychological needs thwarting 184 measure is the PNTS (Bartholomew, Ntoumanis, Ryan, & Thøgersen-Ntoumani, 2011), 185 which consists of 12 items and measures three subscales, namely, autonomy thwarting (4 186 items), competence thwarting (4 items) and relatedness thwarting (4 items), using a 7-point 187
Likert scale in the scoring. It has been demonstrated that the specific measure produces valid 188 and reliable scores in a series of studies (Bartholomew, Ntoumanis, Ryan, &been reported to produce reliable scores, the factor structure has been found problematic in 193 some studies with very high interfactor correlations (e.g., ranging from .85 to .96; Gunnell et 194 al., 2013) . These findings imply that the modified or revised scales from sport settings may 195 not function well in other fields, such as exercise or physical education contexts. It is 196 imperative to develop psychometrically sound domain-specific measures so that the studies 197 related to individuals' negative experiences in specific fields could be further investigated. 198
The purpose of the current study was to develop a domain-specific measure, the 199
Psychological Needs Thwarting Scale in Physical Education (PNTSPE), to assess secondary 200 school students' psychological needs thwarting (autonomy thwarting, competence thwarting, 201 and relatedness thwarting) in a physical education context. To achieve the purpose of this 202 study, three sequential studies were conducted. A total of 1258 students (grades 7-9) from 203 nine government aided secondary schools in Hong Kong were invited to take part in the three 204 studies. In Study 1, the pool of PNTSPE items was generated, and the content validity was 205 assessed. In Study 2, selected psychometric properties of the initial PNTSPE established in 206 Study 1 were examined. In Study 3, the findings in Study 2 were cross-validated using an 207 independent sample. 208
Study 1 209

Methods 210
Participants. The sample comprised of 49 secondary school students (23 for the first 211 four focus groups with 5-6 students in each one; 26 for the second four focus groups with 6-7 212 students in each one) and 7 PE teachers (for face-to-face interviews). The students were 29 213 females and 20 males aged between 12 and 16 years old (M = 13.52; SD = 1.2), from three 214 classes of two schools, with one class from each grade level (grades 7 to 9). The teachers 215 Twenty-three of the 49 students were invited to complete a set of questions (example 233 questions: please describe your experience of competence in your physical education classes; 234 please think about some conditions that make you feel NOT competent and effective during 235 physical education), and then take part in a set of focus groups to explore their experiences of 236 psychological needs thwarting in physical education classes (the outline of the questions is 237 available from the first author upon request). The focus groups were audiotaped and then 238 transcribed verbatim. The qualitative data collected from the open-ended questions and the 239 focus groups were qualitatively analyzed using content analysis. Sixteen draft items were 240 generated. When combining the draft items from qualitative analysis and those modified from 241 the existing instrument, it was found that there was some overlap between the two sets of 242 items. Eight items (2 autonomy items, 3 relatedness items, and 3 competence items) that weremodified from the PNST were also frequently mentioned by students (see Appendix). After 244 removing the overlapped items, an initial pool of items (19 items representing three subscales: 245 8 autonomy items, 6 competence items, and 5 relatedness items) for the PNTSPE was 246 established. 247
The 19 items were presented to other 26 students and seven physical education teachers 248 to ask them to indicate whether the items were applicable or inapplicable using a 249 dichotomous scale before the focus groups. Items which were perceived as inapplicable by 250 75% or more of the students and the PE teachers were deleted (see . 251
For items perceived as applicable, students were further asked to rate their clarity using a 252 7-point Likert scale (1 = not at all clear; 7 = extremely clear). Items rated lower than 5 were 253 classified as problematic. In the focus groups, the 26 students were encouraged to suggest 254 additional items or alternative wordings for items that were rated as problematic. The data 255 collected from the second set of focus groups were qualitatively analyzed to complement and 256 refine the generated items. No new additional items were generated. 257
Three judges with expertise in SDT were invited to review the pool of items developed 258 based on the existing instrument and focus groups. They were provided with a definition of 259 the psychological needs thwarting and were asked to indicate the extent to which the items 260 were assigned to each of the factors, using a 4-point Likert scale (1 = not relevant; 2 = 261 somewhat relevant; 3 = quite relevant; 4 = highly relevant). The rating scales were used to 262 compute the content validity index (CVI; Lynn, 1986) of each item; this was subsequently 263 used as a reference for deciding whether to retain, delete or revise the item. The three judges 264
were also asked to provide suggestions for additional items if appropriate. 265
Results of Study 1 266
Nineteen PNTSPE items (see Appendix) were initially developed based on the existing 267 instrument and the results of the focus groups with the students. Two items (items 8 and 12) 268 classified as inapplicable to physical education context were removed. The remaining 17 269 items were then reviewed by the three judges. The CVI was computed by dividing thenumber of judges who gave a rating of 3 or 4 (quite relevant or highly relevant to the needs 271 thwarting construct) by 3, the number of judges. According to Polit, Beck, and Owen (2007), 272 when there are three judges, CVIs equal to 1.00 are considered to be excellent, whereas CVIs 273 equal to .67 are considered to be fair. Two items (items 2 and 13) displayed CVIs of .67 274 without modification suggestions from the judges and were deleted. Two items (items 10 and 275 17) displayed CVIs of .67 with modification suggestions and were revised and then retained. 276
Upon completion of this development process, a pool of 15 items for PNTSPE (7 autonomy 277 items, 3 competence items, 5 relatedness items) was established. 278
Study 2 279
Method 280
Participants. A group (N = 646) of secondary school students (grades 7 to 9), aged 281 from 10 to 16 years (M = 13.67, SD = 1.06) were invited to participate in this study (348 282 Males and 298 Females). Students were from 22 classes of five secondary schools located in 283 the New Territories (2), Kowloon (2), and Hong Kong Island (1). All students were Chinese 284 and could read and speak Chinese. 285
Procedures. Ethical approval was obtained from a local university's human and animal 286 research ethic committee. Secondary school principals were contacted and were provided 287 information about the study to obtain the permission to access their students. With this 288 approval, informed written consent was obtained from the teachers who were asked to act in 289 loco parentis and from the students who participated in the study. The students were informed 290 that the survey was voluntary and that they had the right to withdraw at any time from the 291 study. To prevent social desirability effects, the students were told that the study aimed to 292 investigate their true feelings and general experiences in physical education classes, and there 293 were no right or wrong answers. The students were asked to complete the questionnaires in a 294 quiet classroom under the supervision of two well-trained research assistants, without the 295 presence of their teachers. The students were also told that it was an anonymous survey, and 296 that all of the information they provided would be absolutely confidential; it was furtherexplained that their physical education teachers would not be able to access their responses.
items, 3 competence items, 5 relatedness items). At the beginning of the questionnaire, 300 written instructions requested that the students consider their general experiences in physical 301 education classes, and indicate how much they agree or disagree with each statement on a 302 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). The scores of 303 subscales were calculated by averaging the scores of all items of each subscale. The global 304 psychological needs thwarting score was calculated by averaging the scores of all subscales. 305 Data analysis. Due to the fact that the students in this study were nested within 22 306 classes, intraclass correlations (ICCs) for the 15 PNTSPE items were calculated to estimate 307 the "class-level" effects (Kline, 2011) . The ICCs of 13 items were found less than .10 (ranged 308 from .021 to .094) while the ICCs of 2 items were higher than .10 (item 4 = .125 and item 15 309 = .134). Therefore, we treated the data as a whole and didn't take the between-class variances 310 into consideration in the subsequent analyses. 311
The use of Exploratory Factor Analysis (EFA) is advocated during the early stages of 312 scale development to avoid misspecification of the number of factors, and to maximize the 313 convergent and discriminant validity of the items constituting each factor (Hurley et al., 314 1997 ). However, when there is a strong theoretical base for the hypothesized model, the use 315 of Confirmatory Factor Analysis (CFA) could be advocated (Hurley et al., 1997) . In this 316 study, although we have strong theoretical support for our hypothesized model, we employed 317 EFA in the early stage for the purpose of maximizing the convergent and discriminant 318 validity of the items. Thus, EFA was conducted on the PNTSPE items using SPSS 18.0. The 319 principal axis factor analyses were carried out with a direct oblimin rotation since it is 320 hypothesized that the three basic psychological needs would be interrelated. Factor extraction 321 was based on an eigenvalue of > 1.0 and a confirmatory inspection of the scree plot. In terms 322 of interpreting the extracted factors, factor-loadings of .40 and above were considered 323 satisfactory (Hinkin, 1995) . In this study, all items with primary factor-loadings of < .40, andreliability of the preliminary PNTSPE using AMOS 18.0. The adequacy of the model fit to 327 the data were evaluated using multiple fit indices, such as the chi-square statistic, the 328 comparative fit index (CFI), the standardized root mean square residual (SRMR), and the root 329 mean square error of approximation (RMSEA; including its 90% confidence interval) (Hu & 330 Bentler, 1999). The thresholds of >.90, close to (or less than) .08, and up to .08 for the CFI, 331 SRMR, and RMSEA indices, respectively, indicate an acceptable fit. The CFI value 332 exceeding .95, and SRMR and RMSEA close to (or less than) .08 and .06 are indicative of 333 good fit (Hu & Bentler, 1999) . 334
Cronbach's aphla coefficients, composite reliability values (CR) and average variance 335 extracted (AVE) were calculated to evaluate the internal consistency reliability of the 336 PNTSPE. Furthermore, discriminant validity and gender and grade level invariance of the 337 PNTSPE measurement model were examined. 338
Results of Study 2 339
Exploratory factor analysis. The initial EFA resulted in a solution containing three 340 factors, accounting for 60.14% of the variance in the items. Employing the aforementioned 341 criteria to examine the pattern matrix, three items (items 1, 10 and 17) that displayed low 342 primary factor loading or cross-loadings were removed. An additional EFA was performed, 343 and the solution comprised of three factors, accounting for 64.32% of the variance of the 12 344 remaining items (see Table 1 ). All factor-loadings exceeded the recommended .40 level. 345
Analysis of item content suggested that the extracted items could be represented by the 346 hypothesized three basic psychological needs. Factor 1, autonomy, consisted of five items; 347 Discriminant validity. The hypothesized three-factor structure of PNTSPE was 375 compared with three different two-factor models in which two needs were taken together and 376 contrasted with the remaining need, and a one-factor model in which all three needs were 377 combined together (see Table 3 ). Results revealed that the hypothesized three-factor modelfitted the data best compared with any other model. This finding suggests that the three needs 379 of PNTSPE represent distinct constructs, which provided support for the discriminant validity 380 of the newly-developed PNTSPE. 381
Invariance testing across gender and grade level. A sequential model testing 382 approach was employed via multiple-group CFA to examine whether the PNTSPE 383 measurement model displayed invariance across gender and grade levels. A baseline model 384 (M0: unconstrained model) was established first, and then two increasingly-constrained 385 models were specified to examine the equality of measurement (M1: Factor-loadings were 386 constrained to be equal) and structural parameters (M2: Factor-loadings, factor variances and 387 covariances were constrained to be equal) across gender as well as grade levels. The 388 invariance of error variances and covariances was not investigated in this study because it is 389 widely considered to be excessively stringent and, therefore, is rarely implemented (Byrne, Table 4 displays the goodness-of-fit indices for the gender and grade level invariance 398 analysis of the PNTSPE measurement model. For the gender invariance analysis, although 399 the chi-square difference test between M1 and M0 was significant, Δχ 2 (Δdf = 6) = 20.6, p 400 < .01, there was no substantial change in the CFI value (ΔCFI = .005). Therefore, we 401 concluded that the factor loadings of PNTSPE measurement model were invariant across 402 gender. Furthermore, the chi-square difference test between M2 and M1 was significant, Δχ 2 403 (Δdf = 6) = 22.42, p < .01, but there was no substantial change in the CFI value (ΔCFI 404 loadings of PNTSPE measurement model were invariant across grade levels. The chi-square 409 difference test between M2 and M1 was non-significant, Δχ 2 (Δdf = 12) = 15.38, p < .01, and 410 there was no substantial change in the CFI value. This finding suggested that the factor 411 variances and covariances were also invariant across grade levels. 412
In summary, based on the results of EFAs and CFAs, a three-factor PNTSPE 413 measurement model was identified. Six items were removed due to low primary factor 414 loadings or high cross-loadings. Internal consistency reliability, discriminant validity and 415 measurement invariance of the 9-item PNTSPE across gender and grade levels were 416 examined. The 9-item PNTSPE demonstrated good validity and acceptable reliability. The 417 measurement model of the PNTSPE was also found invariant across gender and grade levels. 418
Study 3 419
Method 420
Participants and procedures. Five hundred and sixty-three secondary school students 421 (grades 7 to 9), aged from 11 to 16 years (M = 13.63, SD = 1.02) were invited to participate in 422 this study (264 Males and 299 Females). Students were from 18 classes of four secondary 423 schools located in the New Territories (2) and Kowloon (2). All students were Chinese and 424 could read and speak Chinese. Ethical approval was obtained from a local university's human 425 and animal research ethic committee, and the procedure was the same with that in Study 2. 426
Measures. The 9-item PNTSPE (3 autonomy items, 3 competence items, 3 relatedness 427 items) was used to measure students' psychological needs thwarting. The participants were 428 asked to respond to the 9-item PNTSPE on a 7-point Likert scale ranging from 1 (strongly 429 disagree) to 7 (strongly agree). Data analysis. Intra-class correlations (ICCs) for the 9 PNTSPE items were calculated 446 to estimate the "class-level" effect. The ICCs were found less than .10, ranging from .01 447 to .03. Therefore, the class-level effect was not taken into consideration in the subsequent 448 analyses. CFA was conducted to cross-validate the findings of study 2. The multi-fit indices 449 used in Study 2 were also used in this study for evaluating the model fit of the measurement 450 models to the data. Internal consistency reliability and discriminant validity of PNTSPE were 451 also examined. Nomological validity was evaluated by examining the correlations of 452 psychological needs thwarting with the theoretical correlated structures (subjective vitality 453 and negative affect). Finally, the cross sample measurement invariance of the PNTSPE was 454 examined using multiple-group CFA. 455
Results of Study 3 456
Factorial validity and internal consistency reliability. The 9-item three-factor 457 structure of PNTSPE from Study 2 was examined via CFA using AMOS 18.0. Cronbach's alphas, and AVE of the PNTSPE subscales. 470
Discriminant validity. The hypothesized three-factor structure of PNTSPE was 471 compared with the corresponding three different two-factor models in which two needs were 472 taken together and contrasted with the remaining need and an one-factor model in which all 473 three needs were combined together (see Table 3 ). Results revealed that the hypothesized 474 three-factor PNTSPE measurement model fitted the data best compared with other 475 corresponding models. These findings suggest that the three needs of PNTSEP represent 476 distinct constructs and provide support for the discriminant validity of the PNTSPE. 477
Nomological validity. According to SDT, the thwarting of psychological needs will 478 result in negative experiences (e.g., psychological ill-being; . A previous 479 study within a sport setting has revealed that both specific and global psychological needs 480 thwarting were positively correlated (moderate-to-high) with negative affect (Bartholomew, 481 Ntoumanis, Ryan, Bosch et al., 2011). Moreover, it was also found that the psychological 482 needs thwarting was negatively correlated (low-to-moderate) with subjective vitality. 483 Therefore, the nomological validity was evaluated by examining the relationships between 484 the psychological needs thwarting (both specific and global) and negative affect and 485 subjective vitality. Table 5 displays the descriptive statistics and correlations among thevariables. As hypothesized, moderate positive correlation between the psychological needs 487 thwarting and negative affect, and low-to-moderate negative correlation between the 488 psychological needs thwarting and subjective vitality were found in this study. These findings 489 provided support for the nomological validity of the PNTSPE. 490
Invariance testing across samples. The same model testing approach used in Study 2 491 was conducted to examine whether the PNTSPE measurement model displayed invariance 492 across samples (Study 2 and Study 3). Table 4 displays the goodness of fit indices for the 493 multiple-group model. The chi-square difference test between M1 and M0 was not significant 494 and no substantial change in the CFI value (ΔCFI = .001) was found. Therefore, we 495 concluded that the factor loadings of PNTSPE measurement model were invariant across two 496 samples. Furthermore, although the chi-square difference test between M2 and M1 was 497 significant, Δχ 2 (Δdf = 6) = 25.28, p < .01, there was no substantial change in the CFI value 498 (ΔCFI = .004). This finding suggested that the factor variances and covariances were also 499 invariant across gender. In general, these findings provide substantial support for the factorial 500 invariance of the PNTSPE measurement model across samples. 501
Test-retest reliability. Eighty-three secondary school students (47 male and 36 female) 502 aged from 11 to 18 years (M = 13.6, SD = 1.5) completed the 9-item PNTSPE on two 503 occasions separated by one month. Test-retest reliabilities for each subscale were calculated 504 using intra-class correlation coefficient (ICCA, k), with a 95% CI obtained from a two-way 505 random model (McGraw & Wong, 1996) . The ICCs for each subscale were as follows: 506 autonomy thwarting, r = .80 (95% CI: .69 -.87); competence thwarting, r = .76 (95% CI: .63 507 -84); relatedness thwarting, r = .85 (95% CI: .76 -.90). These findings provided support for 508 the test-retest stability of the newly developed PNTSPE. 509
In summary, the Study 3 replicated the findings of Study 2 and provided support for the 510 factorial validity, internal consistency reliability and discriminant validity of the 9-item 511 PNTSPE with an independent sample. Invariance analysis suggested that the measurement 512 model of the PNTSPE was invariant across sample. Further, results of the study alsosuggested that the nomological validity and test-retest reliability of the scores derived from 514 the 9-item PNTSPE were satisfactory. 515 focused on the psychological needs satisfaction, which is related to the brighter side of 521 human experience. The psychological needs thwarting, which is thought to be related to the 522 darker side of human experience, has not been given enough attention. The main reason may 523 have been the lack of a valid and reliable measure that could be used for tapping students' 524 psychological needs thwarting. Therefore, the purpose of the current study was to develop 525 and validate a questionnaire measure for assessing the psychological needs thwarting of 526 secondary school students in a physical education context. 527
General Discussion
The findings of three sequential studies provided initial psychometric evidence for the 528 newly developed PNTSPE, which consists of 9 items and measures three correlated but 529 distinctive factors (autonomy, competence and relatedness). Collectively, the PNTSPE 530 demonstrated acceptable internal consistency reliability and test-retest reliability, and 531 displayed good content, factorial, discriminant, as well as nomological validities among 532 secondary school students in Hong Kong. The measurement model of the PNTSPE was also 533 found invariant across gender, grade levels and samples. These findings suggested that the 534 PNTSPE could be used in future studies to directly assess secondary school students' 535 psychological needs thwarting in a physical education context. 536
There are several advantages of the newly developed PNTSPE. First, the development of 537 the PNTSPE makes it possible for researchers and practitioners in future studies to directly 538 assess secondary school students' psychological needs thwarting in a physical education 539 context. A previous study within a sport setting revealed a small negative correlation betweenpsychological needs thwarting and psychological needs satisfaction, which suggested that 541 psychological needs thwarting and psychological needs satisfaction were independent 542 constructs (Bartholomew, Ntoumanis, Ryan, & Thøgersen-Ntoumani, 2011). Investigation on 543 the relationship between the constructs in physical education contexts will contribute to 544 further understanding of the basic psychological needs within the SDT framework. Second, it 545 allows researchers and practitioners to further investigate students' psychological needs 546 thwarting in relation to teachers' teaching behaviors in physical education classes. This kind 547 of investigations will provide researchers and practitioners useful information to better 548 understand the prevalence of students' negative experiences (i.e., amotivation, stress) in 549 physical education classes. Finally, the PNTSPE could be used in future studies as an 550 indicator of physical education teachers' need thwarting behaviors, which may be further 551 used as alternative strategies to evaluate physical education teachers' teaching. 552
Although our findings of a series of studies provided promising evidence for the 553 psychometric properties of the scores derived from the PNTSPE, questionnaire validation is 554 an on-going process, and thus, further development and validation of the measure is needed. 555
With this in mind, future research may involve further investigation of the SDT based 556 psychological needs thwarting assessment in a physical education context. For example, a 557 cross-sectional validation was used to examine the nomological validity of the PNTSPE in 558 the current study, and therefore, other methods such as longitudinal, cross-lagged or 559 experimental designs are suggested to be used to further examine the nomological validity of 560 the PNTSPE. Furthermore, only relationships between psychological needs thwarting and 561 their consequent variables (subjective vitality and negative affect) were examined. Other 562 relationships between psychological needs thwarting and both their antecedences (e.g., need 563 thwarting behaviors) and consequences (e.g., amotivation, dropout of PE, and anxiety in PE 564 class) should be further examined. Moreover, the PNTSPE measurement model was found 565 invariant across students in grades 7 to 9; future studies should examine whether the 566 measurement model is invariant across other higher or lower grades, such as senior secondaryschool student or elementary school students. In addition, the participants in this study were 568
Chinese secondary school students in Hong Kong. Future studies are encouraged to examine 569 the psychometric properties of the measure among or across Chinese secondary school 570 students in other Chinese societies, such as Mainland China, Taiwan and Macau. Finally, the 571 PNTSPE was developed in the Chinese language (traditional Chinese), and therefore, future 572 studies are expected to validate the measure in other languages, such as simplified Chinese 573 and English. Psychological needs thwarting is a very interesting issue that warrants future 574 cross-cultural investigations. 575
In general, the current study provided initial psychometric evidence for the newly 576 developed PNTSPE. The results from our three studies demonstrated that the reliability and 577 validity of the scores derived from the PNTSPE were acceptable and satisfactory, which 578
suggests that the measure could be used in future investigations among secondary school 579 students in Hong Kong. Note. PNTSPE = psychological needs thwarting scale in physical education; EFA = exploratory factor analysis Note. PNTSPE = psychological needs thwarting scale in physical education; CFA = confirmatory factor analysis Note. ** p < .01. M = male; F = female; G7 = grade 7; G8 = grade 8; G9 = grade 9; S2 = study 2; S3 = study 3; PNTSPE = psychological needs thwarting scale in physical education. 
